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Followlng the detonation of Shot f on 131kini Atoll on 1 Lfarch 1954, 28 Americxns and 239

Marshallese were exposed to fallout. C)ne hundred fifty-seven of the Alarsbnllese w’ere on Ut]rlk
Atoll, 64 were on Rongelap Atoll, and 18 Ncre “on t!lc ncigl~borlng atoll Of Alllnginac. The 28

Americans were on Rongerlk Atoll, The presence of significant fallout on these atolls was (irs~
determined by a record]ng dosimeter, located on Rongcrik, when this dev)ce went off scale at
100 mr/hr shortly after the rtetonat~on. Emergency surveys detected rndlation on [hc inhabited
atolls, and evacuation of inhabitants to the Naval Statlor] at Kwajmlein was promptly carried out.

The dose of racii~tion to which the inrflviduals were exposed v,as calculated from the ]ntensltics
found or, the is[ands and the decay exponent of the fallout nl~terlal. The incfividu~is on Rongelap
received approxlrnate[y 175 r, those on Aitinglnae rece]ved approxinlalely 69 r, and the Amerl -

Can S on Rongerik received an average calculated dose of 78 r, The Marshallese on Utirik re-

ceived approximately 14 r. The fallout on Kongclap, All]nginae, and to a lesser extent on Rcrnge -
rik was distlnctty vislbie. NO fallout was observed on IJtirik. A significant number of inrti -

viduals on Rongelap suffered from nllld nausea and one or two individuals vornlted on tt]c clay

of the exposure. With th,e exception of nausea in one ‘Iitinglrrae inctiy~dual, there were no other
definite gastrointestinal syn]ptorns in t}~e other hiarsl]ailese or I}IC An)cricans. T}le hfar -

shallese on Rongclap” zlld Ailing lnae, ;.lld the Amerlc. uls experienced to a t~ary]n~ clc~rec burn-
ing of the eyes and itch]ng of t})c skin fro[]l 1 :0 3 dz,. s, La[cr, SIg OS of r-acliztlon Injury inc~uded

definite epila~ion in the Rongelap and Ailinginae groups, and the development of spotly, super-
ficial, hypcrpigmented skin leslons ~bat dc~quamated from the ccntcr of lt]c les]oms outwards.

In some cases the sk]n darnnge v.,as su(flc(ent to result in raw, weeping Ieslo]ls. Thci-e v:as
no full thickness nccros]s of the skin, T}le Amer!cans dcve]oped only lnlrror skin ~eslor~s without

ulceration. ‘f’her-c were no skin lesions Ill [hc Utlrik n~tivcs. All Icslons healed ral)ldly with

no further bre~kdown 0[ the skin noted during t}]e period 01 observation, hlicroscopic exall~i-
natlon of biopsies of the lcslons showed changes USUal\y associated w][h radiation injury. Fully

cloth ccl inrtivlcluals and those rcn]aining II]SldrJ of tJulld Ings or huts were plotcctcd to vorying

degrees from development of lesions. H:nlatologic changes were defin)tc ]n the Ron~elzp,
Ailin~inae, and the Amcrlcan gro(. ps, I,yinptlopenia appear-cd promp(]y xnd w~s perslslcnt for
a prolonged pcrlod Of time. .Ncutropcnla occurred in all Of (he Individuals w,lth lnltis~ n]loin)um

values occur rin~ around the llt}l day followeci tjy an Incro;]srj In tl)c counts ar~d a secor,dary

minimum around the 40tll to 45th (jay. The most consistent tlcrnztologlc change w’~s the de-

pression in the platelet counts. Platelets were be[ow norn~al when first counted on the 10th
dfiy of post-exposure Znd progress lvc~y decl-cased att~lnlr~~ a rlllnln]urn between lI)c 25[h and

30th day. Althou$:h recovery conln~enc(,d follow]ng this rl]lntn]unl, tllc pla(clc[ (:oun(s had not
returned to norn]at I)y ttlc c(jn)plello:l of (IIC lnltl:ll studv on [tic 76th post -ux!]osure d:~y. ‘I’ll,:

incidence of various rcs[)ir:l[orv :{nd c~ltflrl~o~ls ]nfertlons was i(lcntical In ;1][ exl)o:; ure [:rcrups

and bor(: no rela[ionstllp to tile I]crna[oloqic cl];lngcs.

Urinary excretion 0[ rfidlol~oto})cs \;:\b htud]cd. Snl:lll anlounts 0[ radlonctivc nl;itcr]:~l
were founcl. I;s[]r]lntes Of to[:~l bo(ly I)ur(lt?rl In(llcatc tll:lt (}lcre is rlo l~)ny lerrn hazlrd arid tll:{t

ingestion and Il)llalztlon of ISOIOl]C.S dld not ~olltrlbulc s][:rl. flc:lrtly t~ (1}( ln]t].~1 I.adi?.[ UII

exposure.
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PREFACE

Operation CASTLE did not include a blonledicxl program, The participants in Pro]ect 4.1

were drawn from various laboratories and were totally unprepared for a [ielcf progran] when

the joint DO D-AEC Medical Rescarcb Tenm was organized a[tcr the operation had begun.

Dr. John C. Bugher, Director, Dlvis)on 0[ BIoloEy and Mcdlcine, AEC, and L~ CO1 L. 1?,
Browrlln~, MC, tJSA, Surgeon of the Armed Forces Spec Lal W’capons Project. selected the proj-

ect officer and requested that the selectlon 01 technical and professional Personnel be con]-
menced imnlediateiy. Rear Adrnlral Ctarence Brown. Deputy Surgeon General, N1edlcfil” De-

Partment, USN, gave immediate xnd complete support of all naval mecilcal research activities
and assigned responsibility tO CAPT Van Tlp[on, MC, USN, and CDR Harry Etter, MC, USN, Of

the Alomlc Defense Divlslon, Bureau of Med]clne and Surgery, USN, for the ln~i)lementat~on of

the project.

Since Ilttle deta] led information w~s zvailable about dose a[ld initial symptom ato!ogy, the
research team was organized to include the followlng ta~ents for the constltut]on of the emer-

gency medical team: internal rncdiclne, hematology, radiation technology and rad]ob]ology. In

the selection of personnel [he empi]asls \vas placed on IJast experience in b]ornedical research

in lhe field with atomic weapons. In addition, provisions were made for a second echelol] of

speclallze(i personnel ln case t!]ey were needed. Accordingly, a preventi~, e n]ed]clne unit of
the Commander-in-Chie[, PaCIIIC Fleet, was alcrtecf for poss]bie bacteriologic s[udles; tILooci

ba)k personnel, and adctltlonal cl]nlclans and nurses were noilfied in c~se concfltlons ]ustifled

thclr services in the K,vajale, n area, Rear Actmlral Bortholun]cw Hogxn, MC, USh’, I]aclflc
l“leet h’fect[cal Officer, !mmecilalely nlacle any needed mcdlcal fzcllltlcs of the Pac IIIc F’leet
available.

personnel were obtalncci wlthln the Continental L]mlts of Lhe U. S. for the research teanl

as tollows:

Nava~ Medical Research Instltutc (Nhl RI)

4 medical officers (E. P. Cronki~e, pro]cct officer, R. A. Conard, N. R. Shuln)an, and

R. S. Farr)
2 medical service corps officers (\V. 1[, Chaptnxn nnd R. Sh~rp)

6 enlisted men (C. R. Sipe, P. K. Schork, C, P. A. Stromc, W. C. Clutter, R. 11. Hansen)

J. S. Hamby)

U. S. Naval Ra(i]o~ogical Defense Laboratory (NRDL)
1 civilian M.D. (Y’, P, Bond)

1 mcr.ficai scrvlcc corps of flccr (L. J. Smith)

4 enlistcci rr~cn (W. ii. Gibbs, J. C llcndr~e, W, S, Argonza, J. Flanzgnn)
Dlvlsion of Biology aIId Med!(:lnc, AEC

2 c~vliian ,M,D.’s (C. L. [)unhi~m ancl G. V. L,cRoy)
Armed Forces Special Wcapol]s Projecl (A FSWP)

1 Army hlcdical Of[ivcr (L. E. Browning)
Prclirn inary Stucfic,, hzd been nlt(ic by CL)]? W, S. ll; ]ll, h[C, USh’, Stztlon Kfe(lical off]cer.

and l]is sl;~([, and dec(jrltal],lr]:(ti~,[l O! [IIC Il]divldunls WNS WrJII un(lerwa{ M,]lCII PIO]CCt 4.1 l)crso(]-
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~c~ ~rrlvcd In the field. I’rcllm)nary l:enla~olog~c stucilcs Inctlca(eci tha[ the inciivldu:!ls !jro!>a\)]Y
I had not recc]vcd acutely i21al(ioses 0[ racilat~on. The primary responslbllltles w~(l)!n [he I)IOJ.

I Cd group were delegated as [oilows:
Clin~cai observations. al)(i care -I,T N. R. Shulman, AIC, USN

[

organ i~.atlon and operation of laboratory—LT R, S. F:lrr, hIC, USN

Compilation and dally ~n~iys~s of all ciata -Dr. V. P. Bonci
~ Decollt:{rlllllatioll and radi:l~lun measuren~~n[ —LT (jg) R. Sharp, !>lSC, USN
,
I Senior Petty O[flcer II) charge of Iabor-a[ory --P. K. Schork, HMC. USN

As the cllnical picture developed, a further breakdown in res]lonslb!lity w’~ls necessary. Conl -
rnancier R. A. Conal c!, MC, USN. Inci L,t Col L. E Brown ]ng, IvIC. USA, w’cre made rrspons]blc

for a daily survey Of skin lcslons, oncl Dr. S. H. Cohn Nas made responsible [01- stud:;lng tt]e
problems concerned with the cxcretlon of r-adloisotopcs and the estimates of body burdens in

the exposed individuals.

The project officer commends all of the professional and techn~cal men)bers of [he group

for their excellent motivation, initiative, and voluntary long hours of extra }vork that were es-
sential for the accomplishment of tile cl~nical and research ob]ectlves, and for the rapid col-

lection of the prellm:nary dzta in the field. It is emjjhasizcci that the work was a coopcra[ive

endeavor in which ali were mutualiy clependent upon each other. The wlllillg efforts of al! con-

cerned constituted a rem~rkxble example 0[ team-work and sacrl[lce of personal ambltlons and
desires for the good of the project at large.

The authors wish to express their gra.tltudc and indebtedness to Dr. John C. Bugher, CAPT

Van Tipton, arid CDR Harry Etter; CAPT W. E, Kellurn, MC, USN, and CAPT T. L. \Vllln]or~,

Commanding and Executive O[[iccrs, respectively. NM RI, CAPT R. .4. Hinners, USN, D]rcctor,

NRDL, and CAPT A. R. Bchnicc, MC, USN, Associate Director, NRDL; all 0[ whom gave un-
lim]ted support and reduced adm]nistra~ivc procedures to a bare min~mum, thus n]aklng it
posslhle for the unit to be assembled and underway in a mmtler of hours.

On arrival at Kwa]aleln, RADM R. S. Clarke, USN, Corrlm~ndlng Of[icer, U. S. Naval Sta -

tiorl, Kwaja[ein, supported Pro]ect 4,1 with ~11 the fac]llties at his disposal. As a result, a
laboratory and cllnlc wzs established and operating wlt!?in 24 hours a[ter arrival of the project
~lersonnel.

Project personnel also wish to acknowledge the ouist~nding contributions of Co\ C, S.
Maupin, MC, USA, Field Command, AFSWP. CAPT H. H. Flalght, hlC. USN, Dlvlslo:l of hill;-
tary AI)pi~c~tion, AEC; Col K. l{o(lgh~on, MC, USAF, Spcc Ial Weapons Ccntr_?r: CAPT Donalcl

Dcmcnt, hlC, USN, CINCPAC Fleet; Drs. T. L. Shipman, T. \Vh!tc, lnd P. Harris of Los Alamos

Sclcntiflc L~boratory; Dr. ~orcion Dunnln[; , Dlvlslon of [31rJlogy and Mccllclne. .\EC, and Dr.
G. V. LeRoy, lJnlverslty of Chicago. D[lr)ng all phzses of the early care O( the cxposeci ~ncii-
viduals, the [oregolng participated as muck as their other primary cfu[les woulci pe] nll[. In
addition tile author> wish to t}]xnk tl]cn~ :or the extcnslve anti con]ljlete ciata wh]ch tl~ey collectcci

in the atoi[s or their honle Iabora[orles and klncily furn]shed [o the ijro]ect personnel,

The continuous help and cooijcration of Trust Terr]tory reprcsentallves anti thclr alci In
obtaining nece~s~ry col]trol rilt:l or] n:lt~vc Marshallese at hla]uro )S hereby ~cknov, lcd~{ec].

The authors are particularly indcbteci to hlr. John Tobln. HIS help as an lntcrprctcr an(i hls
extensive knowledge of the hllrshallesc language ancl habl(s were invaluable. L,~euten[~nt J S.

Ttlompson, hfiC, USN, furnlshcd his recorcls on the e~posec{ indll,lduals dccontanllnlted by Lhe
racflation ~rou[] of t}le VP-29 squadron stat loncct at Kwajalein.

The authors WISI) CSpe CIa IIy to exilress thc!r ndnliratlol] [or the exccilcnt job done by lhe
nl(, dlcal personnel of the l.j, S, Naval D)s I)cnsa I.y. KwI:ijaic I1l. in conlplc[ln~ [lie ex(cnslv(, labo-
ratory Cx;{nl)natlons that were requlrc[t to obtain 2 pron)pt ]nltial cvalua[lon 0[ the sevrrlly Of

!t~(’ rzcliztlon injury.
The Xutl]ors are dcep]y ~ratcIul [O Dr. f)avld A, \VOOCl of the Un~verslly 0[ C:lllfornl;{ }lc)s -

l)l~:If, .s:~rl Frnnc]sco, and Dr. Edw~r[i L, Ail)cn anti MISS I~:\t I{o~n of NI{i)L,, for inv,liuabie :Ild
In r:~rryln~; o(,t [he ]llstorl:ltlloio[,lc:~i C~,,!IUatLOn 0[ skill lcslons. Thr? cxtr?l}slirc contr”lbut]otl~ of
.~lr. [{, II ti(,cl]lcr ]n [he s(,l{lstlc:li :inaiyscs of the d:~[:l, at~ci t)[ Mr C. A. S(~nch;iu.s 0[ ~l~e
~’.’f{Il!. !n (iu:,:i[~e ~:llrula[lnns nlc ~ratc fully :Icknuw{c(il: cd.
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CIiAPTER 1

INTRODUCTION

1,1 OBJECTIVE’S.-——.—.—

Pro]ect 4.1 was org:{nizecl with the fo~lowing spcclflc o!]jec~~ves:

(1) To evaluate the severity of tl)c rnciiation ,n]u Iy in the humln bclngs es~x,sr(l LCJthe [211-
out radmtion.

1.2

(2) To provide for z1l necessary rned]cal care for these lndi~’]clu:lls.

(3) TO conduct a sc]ent][lc study of la(t~atlon injury in l)urnzII b~~!!i{~,.

GENERAL DESCRIPTION OF THE EXPOSED GROIJPS

1.3 EVACUATION AND L; A[?LY CARJ; 0!’ T1{I,; EXI’OSKD (;ltOU[’S!’ .———-.-—. ..—_— .. —-.——.- _______ .. _...__ _____ . .
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[ Table 1.1 }:1 Iwsi’.r) ,\N[) C-os”rRoIJ UNUXPOSJ:!J GROUPS
i ——. ————---- _____ __ ... ...... . . ———

I

I

Group
J)csl~nation

Afncricans,
Exposed

Ron[!erik

Americans,
COnlrOl

Kwaj-American
Marshallese,

Kxposcd
Roni: clap

A]lin~inac

Utirlk

Marshallese,
COn[ro\

Mnjuro Group

18

157

117

ToLal Expused-2ti7

ToLal Contr[)ls-2’2?.
—

105 }1 . 4 IIr H i 50 1,,. 375 mr/hr 175
(1G people) 1{ + 7 days

H + 51 hr

(48 peoI)lc)

83 }1 4 ~, hr 1{ T 50 hr 100 n\r/llr 69

1[ + 9 days

270 1{ + 22 111 St3r[cri :1( 40 mr/tlr 14
1{ i jj [,(. 1[ + 8 days

Conlplcicd at
J{ + 7?3!\r

*SQC Scctlon 1.4.3,

1.4 KST[MATION OF ‘W}{OI,E J30DY EX’I’ERSAL DOSE-.. —...——.

16
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